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Traumatic brain injury (TBI) has a complex and heterogeneous pathology.  It is frequently diﬃcult to 
predict the neurological deterioration of patients with TBI,  and unpredictable change may occur even 
when TBI is mild to moderate.  When computed tomography (CT) ﬁndings are considered to be incon-
sistent with the traumatic origin or with the neurological deterioration of patients observed on admis-
sion,  magnetic resonance imaging (MRI) is employed based on the standards of our ethical committee.  
In this retrospective study,  we compared CT and diﬀusion weighted imaging (DWI) of patients with 
mild to moderate TBI in the very acute phase.  When the high-intensity lesions on DWI are larger than 
the high-density lesions on CT images,  we deﬁned the imaging ﬁnding as a ʻCT-DWI mismatchʼ.  
Between January 2010 and December 2013,  92 patients were inspected using both CT and MRI at 
admission,  and we detected a CT-DWI mismatch in 35 patients.  CT-DWI mismatch was 92.6  (95  
conﬁdence interval 79.8-97.9) sensitive and 84.6  (95  conﬁdence interval 79.3-86.3) speciﬁc for the 
prediction of enlargement of the hemorrhagic lesions on repeat CT.  CT-DWI mismatch is considered 
to be useful as one of the predictors of the enlargement of hemorrhagic lesions in patients with mild to 
moderate TBI.
Key words: magnetic resonance imaging,  diﬀusion-weighted imaging,  traumatic brain injury,  head computed 
tomography scan,  mild head injury
C omputed tomography (CT) is very useful for the diagnosis and treatment of traumatic brain 
injury (TBI) because of its availability and its ability 
to detect intracranial hemorrhage,  the mass eﬀect of 
space-occupying lesions,  and bony fracture.  In The 
Japanese Guidelines for the Management of Severe 
Head Injury,  CT is recommended as the ﬁrst line of 
neuroimaging study [1].
　 Magnetic resonance imaging (MRI) is more sensi-
tive than CT for detecting abnormal lesions.  However,  
MRI is not recommended as the ﬁrst line of neuroim-
aging study for patients with TBI in the guidelines of 
the Japanese Society of Neurotraumatology for safety 
reasons [1],  The American College of Radiology and 
the National Institute for Health and Care Excellence.  
On the other hand,  for patients with mild to moderate 
TBI and with a stable general condition,  MRI can 
provide the details of the head injury.  The ﬁrst pur-
pose of taking MRI images is to exclude diseases other 
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than TBI.  MRI can sometimes clarify the true causes 
of TBI including cerebrovascular disease,  epilepto-
genic disease and general metabolic disease.  The 
second purpose is to explain the dissociation between 
the neurological deterioration and the CT ﬁndings.
　 In patients with TBI,  diﬀusion-weighted imaging 
(DWI) has been reported to detect diﬀuse axial injury 
and edema [2].  However,  only a few studies have 
reported a comparison of CT and DWI in the acute 
phase of head trauma.  In this retrospective study,  we 
compared CT and DWI imaging of patients with mild 
to moderate TBI in the very acute phase and evaluated 
their usefulness.
　This study was approved by the ethical committee 
of Kagawa Prefectural Central Hospital (approval 
number: 101).  Instead of acquiring individual agree-
ment,  we acquired comprehensive agreement on the 
information disclosure page of our hospital according 
to the Helsinki Declaration.  The patientsʼ private 
information and personal identities were protected in 
this study.
Materials and Methods
　 Subjects were identiﬁed retrospectively from the 
population of patients with TBI admitted to our 
department from January 1,  2010 to December 31,  
2013.  Patients who fulﬁlled the following criteria 
were included: 1) a Glasgow coma scale (GCS) score 
at admission of 9 to 15; 2) CT and DWI were obtained 
at the time of arrival; 3) repeat CT was obtained on 
the day following admission.
　 CT was performed according to the standard 
department protocol on a 64-slice multi-detector scan-
ner (Aquilion TSX-101A,  Toshiba Medical Systems 
Corporation,  Otawara,  Japan).  MRI was performed 
using a standard stroke protocol on a 1.5-T scanner 
(MAGNETOM Avanto,  Siemens Medical Solution,  
München,  Germany).  DWI,  ﬂuid-attenuated inversion 
recovery (FLAIR),  T2-weighted images (T2WI),  T2＊- 
gradient recalled echo (T2＊GRE),  and magnetic reso-
nance angiography (MRA) were provided.  Apparent 
diﬀusion coeﬃcients (ADCs) were obtained when con-
sidered necessary.
　 First,  we compared CT image at admission with 
DWI images for each patient.  When high-intensity 
areas on DWI were more than 5mm larger in the 
greatest dimension than the high-density areas on CT,  
the latter of which suggest hemorrhagic changes,  or 
we detect high-intensity areas on DWI where high-
density areas were not detected on CT,  we deﬁned the 
imaging ﬁnding as a ʻCT-DWI mismatchʼ.  The inﬂu-
ence that the CT-DWI mismatch exerted on the clini-
cal course and outcome were retrospectively analyzed.  
We also evaluated the change in ADCs where a 
CT-DWI mismatch was detected.
　 A new appearance or an increase of＞6ml or 
＞30  from the baseline volume of the high-density 
lesions on repeat CT at the same location as that of 
the CT-DWI mismatch was deﬁned as ʻenlargement of 
the hemorrhagic lesions on repeat CTʼ.  CT and MRI 
were reviewed by more than one neurosurgeon to 
assess for the presence of CT-DWI mismatch and 
enlargement of the hemorrhagic lesion on repeat CT.  
Diﬀerences in interpretation were resolved by consen-
sus using a panel including an additional neurosurgeon.  
Outcomes were assessed at the time of discharge using 
the Glasgow Outcome Scale (GOS).  ʻFavorable out-
comeʼ was deﬁned as a GOS of 4 (moderately disabled) 
or 5 (good recovery).
　 Statistical analysis was performed using SPSS 
ver. 20.0 software (SPSS,  Chicago,  IL,  USA).  For 
statistical analysis,  Mann-Whitneyʼs U test and Fisherʼs 
exact probability test were used,  and p＜0.05 was 
deﬁned as signiﬁcant.  The sensitivity and speciﬁcity 
of the accuracy of CT-DWI mismatch for the predic-
tion of enlargement of the hemorrhagic lesions on 
repeat CT were evaluated by comparing a repeat CT 
with the initial CT.
Results
　 During the period of this study,  377 patients with 
TBI whose GCS scores at admission ranged from 9 to 
15 were admitted to our department,  and initially 
studied using CT.  They were 58.9±26.0 years old,  
and 62.6  were men.  Among them,  330 patients were 
admitted with a GCS score of 13-15,  and 47 patients 
had a GCS score of 9-12.  Craniotomy or external 
ventricular drainage was performed in 43 patients as 
a surgical intervention.  At the time of discharge,  279 
patients (74 ) were classiﬁed as having a favorable 
outcome (Table 1).
　 MRI was obtained at the time of arrival in 92 
patients (24.4 ).  The average time from initial CT to 
MRI was 61.4 min (range,  23 to 135).  Because the 
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patients had neither severe extracranial injuries nor 
vital sign abnormalities,  we could obtain their initial 
MRI information,  and also compare the CT and MRI 
ﬁndings.  In the backgrounds of the patients,  there was 
no signiﬁcant statistical diﬀerence between the group 
that had undergone MRI and the group that had not 
undergone MRI at the time of arrival regarding age,  
gender,  GCS score at admission,  surgical interven-
tion,  or outcome (Table 2).
　 In 35 patients (38 ),  we detected a CT-DWI mis-
match.  There was no signiﬁcant statistical diﬀerence 
between the group with CT-DWI mismatch and the 
group without CT-DWI mismatch with regard to 
background (age,  gender,  GCS score at admission,  and 
use of antiplatelet or anticoagulation drug) (Table 3).
　 In the group with CT-DWI mismatch,  we detected 
enlargement of the hemorrhagic lesions on repeat CT 
in 25 (71.4 ) of 35 patients.  On the other hand,  we 
detected enlargement of the hemorrhagic lesions on 
repeat CT in only 2 (3 ) of 57 patients in the group 
without CT-DWI mismatch.  Enlargement of the hem-
orrhagic lesions on repeat CT was detected in the 
group with CT-DWI mismatch with signiﬁcantly higher 
frequency (p＜0.01).  CT-DWI mismatch was 92.6  
(95  conﬁdence interval 79.8-97.9) sensitive and 
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Table 1　 Background of patients with mild to moderate TBl
No. of cases 377
Median age (yrs.)±SD 58.9±26.0
Male 236 (62.6)
GCS at admission
　　13-15 330 (87.5)
　　 9-12 47 (12.5)
Surgical intervention 43 (8.8)
Patient outcome (Glasgow outcome scale)
　　favorable outcome (GR/MR) 279 (74)
　　unfavorable outcome (SD/VS/D) 98 (26)
All results given as number of patients(%) unless otherwise stated.
Table 2　 Comparison of background and clinical course beteween patients with MRI at arrival and patients without MRI at arrival
MRI on arrival (＋) MRI on arrival (－) p value
No. of cases 92 (24.4) 285 (75.6)
Median age (yrs.)±SD 62.9±23.9 58.7±27.1 0.533†　
Male 56 (60.9) 180 (63.2) 0.711††
GCS at admission
　　13-15 78 (84.8) 252 (88.4) 0.367††
　　 9-12 14 (15.2) 36 (12.6) 0.367††
Surgical intervention 7 (7.6) 36 (12.6) 0.257††
Patient outcome
　　favorable outcome (GR/MR) 66 (71.7) 213 (74.7) 0.586††
　　unfavorable outcome (SD/VS/D) 26 (28.3) 72 (25.3) 0.586††
All results given as number of patients(%) unless otherwise stated.
†Mann-Whitneyʼs U test; ††Fisherʼs exact test.
Table 3　 Comparison of background between patients with CT-DWI mismatch and patients without CT-DWI mismatch
CT-DWI mismatch (＋) CT-DWI mismatch (－) p value
No. of cases 35 (38) 57 (62)
Median age (yrs)±SD 66.6±22.3 61±24.4 0.149†　
Male 17 (48.6) 39 (68.4) 0.07††
GCS score at admission -cases
　　13-15 28 50 0.376††
　　 9-12 7 7 0.376††
Antiplatelet drug 6 12 0.789††
Anticoagulant drug 3 2 0.365††
All results given as number of patients(%) unless Otherwise stated.
†Mann-Whitneyʼt U test; ††Fisherʼt exact test.
84.6  (95  conﬁdence interval 79.3-86.8) speciﬁc for 
the prediction of enlargement of the hemorrhagic 
lesions on repeat CT.  Among 35 patients who showed 
a CT-DWI mismatch,  ADCs were obtained in 24 
patients.  Twenty patients (83.3 ) showed a reduction 
in ADCs and 4 patients (16.7 ) showed heteroge-
neous ADC patterns.
　 Surgical interventions were performed in 3 (8.6 ) 
of 35 patients with CT-DWI mismatch and in 4 (7 ) 
of 57 patients without CT-DWI mismatch.  There was 
no signiﬁcant diﬀerence between these 2 groups.  All 
of these surgical interventions were performed based 
on CT ﬁndings.  With regard to patient outcomes,  24 
(68.6 ) of 35 patients with CT-DWI mismatch showed 
favorable outcomes and 42 (73.7 ) of 57 patients 
without CT-DWI mismatch showed favorable out-
comes.  There was also no signiﬁcant diﬀerence 
between these 2 groups (Table 4).
　 Case illustration. A 76-year-old man fell from 
a stepladder and was taken to a nearby hospital.  
There,  he was diagnosed with a traumatic subarach-
noid hemorrhage (SAH) by brain CT.  He had a GCS 
score of 14 and showed no other neurological deﬁcit.
　 Two h after the injury,  he was transferred to our 
hospital for further evaluation and treatment.  We took 
CT (Fig.  1A,  B) and MRI (Fig.  1C,  D) images to 
rule out aneurysmal SAH.  We found a new appear-
ance of hematoma in the left frontal lobe (Fig.  1B 
arrowhead) and a high-intensity lesion in the right 
temporal lobe on DWI (Fig. 1C arrow).  The high-
intensity lesion in the right temporal lobe on DWI is 
considered to constitute a CT-DWI mismatch because 
the CT did not detect any high-density lesions in the 
right temporal lobe.  The ADCs decreased where the 
CT-DWI mismatch was detected (Fig.  1D arrow).  
MRA did not show any vascular abnormalities,  and we 
diagnosed the patient with traumatic SAH.
　 A repeat CT obtained on the following day showed 
a new appearance of intracerebral hematoma in the 
same region where the CT-DWI mismatch was detected 
(Fig.  1E arrow).
Discussion
　 CT is the ﬁrst-line choice for the evaluation of TBI 
because it is readily obtainable and is the cornerstone 
of rapid diagnosis [3],  and MRI is not recommended 
as the ﬁrst-line choice in general.  The principle rea-
sons for this as described in the guideline [1] include 
the risk of scanning patients with certain indwelling 
devices or occult foreign bodies and the fact that lim-
ited equipment is available for managing patients in 
MRI rooms.
　 At our hospital,  we treat many stroke patients,  
and we have established algorithms to ensure that no 
magnetic materials are contained in the patientʼs entire 
body.  The general condition of patients with mild to 
moderate TBI is relatively stable.  Therefore,  we 
think it is safe to obtain MRI scans of patients with 
mild to moderate TBI if their general condition is 
stable.
　 MRI inspection equipment is well established 
experimentally and clinically,  and it provides detailed 
information about anatomy and biophysical processes.  
DWI,  diﬀusion tensor imaging,  FLAIR,  T2WI,  T2＊
GRE,  susceptibility-weighted imaging and magnetic 
resonance spectroscopy have been analyzed for their 
usefulness in TBI [2,  4-7].
　 A few studies comparing CT and DWI in the acute 
phase have been reported,  and we found only three 
studies which compare CT and DWI performed within 
72 h of admission [2,  8,  9].  In these reports,  the two 
examinations (CT and MRI) were not necessarily per-
formed at the same time on admission.  Our study is 
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Table 4　 Comparison of clinical course and outcome between patients with CT-DWI mismatch and patients without CT-DWI mismatch
CT-DWl mismatch (＋) CT-DWI mismatch (－) p value†
Enlargement of hemorrhagic lesion on repeat CT 25 (71.4) 2 (3.5) ＜0.01
Surgical intervention 3 (8.6) 4 (7) 1
Patient outcome
　favorable outcome (GR/MR) 24 (68.6) 42 (73.7) 0.638
　unfavorable outcome (SD/VS/D) 11 (31.4) 15 (26.3) 0.638
All results given as number of patients(%) unless otherwise stated.
†Fisherʼs exact test.
the ﬁrst examination comparing CT and DWI ﬁndings 
at the time of arrival.
　 Paszkowska et al.  compared CT performed at the 
time of arrival and DWI performed within 24-72 h of 
the moment of injury in 8 patients with diﬀuse axial 
injury (DAI) and reported the usefulness of DWI for 
detecting DAI [2].  On the other hand,  Manolakaki et 
al.  compared CT and MRI performed within 48 h of 
onset and reported that MRI detected ﬁndings that 
were not detected using CT in some patients,  but 
there were no changes in treatment because of these 
additional MRI ﬁndings.  Finally,  they concluded that 
early MRI was unnecessary because the information 
obtained using MRI did not aﬀect the management of 
the patient [8].
　 In the present study,  as in the report by 
Manolakaki et al.,  the decision to perform surgical 
intervention was made based on CT ﬁndings.  However,  
the ﬁnding of CT-DWI mismatch had high sensitivity 
and speciﬁcity with regard to predicting the enlarge-
ment of hemorrhagic lesions.  The ﬁnding of CT-DWI 
mismatch should certainly not be the basis for per-
forming a surgical intervention,  but CT-DWI mis-
match may predict the enlargement of hemorrhagic 
lesions which require surgical intervention.  We cannot 
resolve how CT-DWI mismatch informs the decision to 
undergo surgical intervention because this is a retro-
spective study,  and surgical interventions were per-
formed in only a few patients.  Further studies may 
provide more information.  CT-DWI mismatch is deﬁ-
nitely useful,  however,  to determine the timing of 
repeat CT and to assess the need for intensive and 
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Fig. 1　 Brain CT at the previous hospital revealed subarachnoid hemorrhage,  but intracerebral hematoma was not detected.  Repeat CT 
just after the patient was transferred to our hospital detected new appearance of hematoma in the left frontal lobe (A and B arrowhead) and 
a diﬀusion-weighted image revealed a high-intensity lesion in the right temporal lobe,  which was considered to be a CT-DWI mismatch 
because CT did not detect high-density lesions in the right temporal lobe (C arrow).  The ADCs decreased where the CT-DWI mismatch was 
detected (D arrow).  Repeat CT obtained on the following day showed a new appearance of intracerebral hematoma in the same region 
where the CT-DWI mismatch was detected (E arrow).
careful observation.
　 There have been many studies on the topic of sec-
ondary insult after TBI,  but no study has been able to 
directly explain the mechanism of the relationship 
between CT-DWI mismatch and the enlargement of 
hemorrhagic lesions.  In our study,  it is highly possi-
ble that cytotoxic edema occurred at the site where 
CT-DWI mismatch was detected because the ADCs 
decreased in the majority of cases.  Ito et al.  reported 
that cytotoxic edema occurred one h after head trauma 
in a TBI rat model [10],  and this report supported 
our ﬁndings.  Also,  Thomale et al.  reported that corti-
cal hypoperfusion was found within the early phase 
following trauma and pericontusional blood ﬂow was 
subsequently increased in a TBI rat model [11].  
Based on this study, we infer that cytotoxic edema 
could be followed by vasodilatation because it is asso-
ciated with ischemic change,  and the vasodilatation 
following cytotoxic edema may be the cause of the 
enlargement of the hemorrhagic lesion.  Further 
examination should be performed.
　 In conclusion,  CT-DWI mismatch is useful as a 
predictor of the enlargement of hemorrhagic lesions 
and has the potential to have an impact on clinical 
decision-making.  MRI is worth performing in patients 
with mild to moderate TBI if the patientʼs safety can 
be guaranteed.
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